Genetic engineering of carotenoid formation in tomato fruit and the potential application of systems and synthetic biology approaches.
The health benefits conferred by numerous carotenoids have led to attempts to elevate their levels in foodstuffs. Tomato fruit and its products contain the potent antioxidant lycopene and are the predominant source of lycopene in the human diet. In addition, tomato products are an important source of provitamin A (beta-carotene). The presence of other health promoting phytochemicals such as tocopherols and flavonoids in tomato has led to tomato and its products being termed a functional food. Over the past decade genetic/metabolic engineering of carotenoid biosynthesis and accumulation has resulted in the generation of transgenic varieties containing high lycopene and beta-carotene contents. In achieving this important goal many fundamental lessons have been learnt. Most notably is the observation that the endogenous carotenoid pathways in higher plants appear to resist engineered changes. Typically, this resistance manifests itself through intrinsic regulatory mechanisms that are "silent" until manipulation of the pathway is initiated. These mechanisms may include feedback inhibition, forward feed, metabolite channelling, and counteractive metabolic and cellular perturbations. In the present article we will review progress made in the genetic engineering of carotenoids in tomato fruit, highlighting the limiting regulatory mechanisms that have been observed experimentally. The predictability and efficiency of the present engineering strategies will be questioned and the potential of more Systems and Synthetic Biology approaches to the enhancement of carotenoids will be assessed.